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ABSTRACT 
Multi-National River Basin Cooperation and Management 
Case Study: Senegal River Basin 
by 
 Patricia Ayaa, Master of Science 
Utah State University, 2011 
Major Professor: Dr. A. Bruce Bishop 
Department: Civil and Environmental Engineering 
With increasing populations, urbanization and thus increasing demand for water, 
conflict on International River basins has been increasing over the years which has 
necessitated formation of International River frameworks to devise means of cooperation 
among the countries sharing the river basins. The main modes of cooperation in 
international river basins include allocating the waters of the river to the sharing countries 
such that each country manages its own water resources, or treating the river basin as one 
system and jointly managing and sharing the costs and benefits from the various services 
or use-sectors of the river. 
This research was aimed at reviewing and comparing international frameworks 
managing some of the rivers in Africa and Asia, and their structures, history and 
accomplishments. The countries sharing the Senegal River are Mali, Mauritania, Senegal 
and Guinea. The Senegal River was used as a case study because of the success of the 
OMVS, which is the organization managing the river basin. The OMVS has managed the 
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river since 1972 and has succeeded in resolving water-related conflicts in the basin. The 
Senegal River basin countries are cooperating through joint management of the services 
and use-sectors fed by the river and thus sharing costs and benefits accumulated from use 
of the river. The benefits and costs from the project are calculated and then allocated 
through allocation models that were developed by the OMVS. The results in this research 
obtained from the Cost Allocation Model (as of 2011) which uses the Adjusted Separable 
Cost Remaining Benefit (ASCRB) method to allocate costs to the countries involved 
indicate that of the total project costs, Mali should pay 43.9%, Senegal should pay 
38.94% and Mauritania should pay 17.16%. The ASCRB method was used because it 
satisfies the principles of benefit-cost sharing which include equity and economic 
efficiency. Countries sharing International River basins should therefore emulate the 
Senegal River basin countries on ways to resolve water conflicts with working methods 
such as the ASCRB method. 
(96 Pages) 
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CHAPTER 1 
INTRODUCTION 
General Introduction 
Every ecosystem requires water for survival. Fresh water is therefore an essential 
resource in every society, and it is also a major source of conflict where it has to be 
shared among competing demands and users. Most of the world’s large rivers and lakes 
which are the principle sources of fresh water are shared by two or more countries. 
Conflicts over the use of most of these rivers have existed for many years. The way 
forward for these countries is to cooperate in order to sustainably manage and reap 
maximum benefits from this shared resource. 
Sharing on International Rivers could be two-fold: the use of water by countries 
and sectors and sharing of cost and benefits. Water allocation involves sharing the water 
resource in volume, thus determining how much water should flow across the borders to 
each of the countries involved. There is no sharing of costs and benefits as each country 
will try to use the water available for it to develop the various sectors in that country. 
Thus, the benefits and costs obtained in one country will pertain to that country alone. In 
benefit sharing, the shared water resource is treated as an entire system and the system is 
jointly managed by the participating countries. The total benefits and costs accrued as a 
result of this resource are then shared equitably amongst those countries. 
Allocation of water on International Rivers has been a problem for many years. 
Increasing populations and the growth of agriculture and industry have brought about 
increasing demands on the available water supplies throughout the world (Riley et al., 
1978). This has given rise to water conflict, as competition levels increase between the 
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countries sharing the same water resource, and the countries end up misusing the water 
(Ofori-Amoah, 2004). This water conflict can also be attributed to the rising costs of 
water supply development over time which brings about water scarcity and also threatens 
the economy of river basins all over the world (Spulber et al., 1994). Severe water 
conflict exists in the Middle East and Northern Africa, where the need for water is 
essential for food production in irrigation farming (Ofori-Amoah, 2004).  
Resolving water conflicts in International River basins requires cooperation 
among the riparian countries. Cooperation could be through data sharing, joint ventures 
to build new infrastructure, joint management of existing infrastructure, and/or sharing of 
benefits and costs accruing from use of the services and use-sectors of the river. In order 
to obtain maximum benefits from cooperation, the widest possible range of potential 
benefits that the participating countries can receive socially, economically, 
environmentally, and politically should be identified. This should include maximizing 
yields from agriculture, energy production and all other sectors that benefit from the 
river, and improving management of the ecosystem, as well as providing benefits beyond 
the river. This would call for treating the river as one system to allow for optimum 
management and development, which is the ultimate goal of Integrated Water Resources 
Management. The overall benefit that results from treating the river as one system would 
therefore have to be greater than the sum of the individual benefits that would be 
obtained from the same countries if they did not cooperate (Sadoff et al., 2005). 
Otherwise, if any one country could obtain more benefits without cooperation, that 
country would choose to not cooperate. In a bid to cooperate, a number of interstate 
governmental bodies have been formed by countries that share a river basin to manage 
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and control the resources of the basin. However, not all have been successful, and some 
are still working towards achieving equitable sharing of the common resources.  
This study first reviews the interstate bodies and approaches to managing some of 
the longest rivers in Africa, and Asia, and to what extent the methods of cost allocation 
have enabled the riparians of international streams to enhance cooperation amongst 
themselves and be able to equitably share the benefits and costs accrued from the 
common resource. Second, the focus will be on a two-stage cost allocation on the Senegal 
River basin as a detail case of sharing resources by country and by service (e.g. shared 
dams, power lines, roads, railways, e.t.c.), through Allocation Models that were 
developed by the Organisation for the Development of the Senegal River (OMVS). The 
study will show how the OMVS has managed to resolve water-related conflicts in the 
region through encouraging the riparian states to participate in the joint management of 
the river basin and share the benefits and costs obtained through operations that are fed 
by the river.  
Objectives of Study 
The objective of this study is to review the institutional frameworks for 
cooperation on international river basins, and the methods used in cost-allocation on 
multi-national river basins with reference to the Senegal River. The specific method used 
to allocate costs to the countries and service sectors of the Senegal River will be 
examined as a case study. 
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CHAPTER 2 
INTERNATIONAL RIVERS AND THEIR INSTITUTIONAL FRAMEWORKS FOR 
COOPERATION  
Introduction 
In a bid to resolve conflict surrounding International Rivers, institutional 
frameworks have been set up to control and manage many of the International River 
basins. These institutional frameworks are meant to ensure that the interests of the 
countries sharing the water resource are understood and a peaceful resolution among all 
the sharing countries is achieved. Examples of institutional frameworks managing 
international rivers in Africa include: the Organisation pour la Mise en Valeur du Fleuve 
Senegal, “OMVS”, on the Senegal River in West Africa; the Nile Basin Initiative, “NBI”, 
on the Nile River that runs from east to northern Africa; the Niger Basin Authority, 
“NBA”, on the Niger River in West Africa; the Zambezi River Authority, “ZRA”, and 
Zambezi River Commission, ”ZAMCOM”, on the River Zambezi in Southern Africa.  
The two main methods of conflict resolution adopted by institutional frameworks 
on International Rivers are water allocation and benefit sharing. Water allocation 
involves determining how much water each country should use from the river, while 
benefit sharing involves treating the entire river system as a whole and equitably sharing 
the benefits that accrue as a result of using the river’s waters. Recently, benefit sharing 
has become the preferred method of conflict resolution in International River basins. For 
example, benefit sharing on the Senegal River has been successful in resolving conflict 
among the Senegal River basin countries. Conflict resolution on the Nile River is also 
moving towards benefit sharing (Teshome, 2008). Therefore cost allocation methods and 
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models are important because the overall costs and benefits from the use of the waters of 
International Rivers have to be shared equitably by the countries using the water 
resource. This chapter reviews international frameworks of some major international 
rivers in Africa and Asia and the use of cost allocation or water allocation approaches to 
basin management. 
The Senegal River 
The Senegal River, 1800 km long, is the second longest river in West Africa after 
the Niger River, with tributaries, the Bafing, Bakoye, and Faleme Rivers. The tributaries 
of the Senegal River have their source in the Fouta Djallon Mountains in Guinea. The 
basin is distinctly divided into the upper basin, the valley and the delta and is shared by 
Mali, Guinea, Mauritania and Senegal (Figure 1).  
 
Figure 1: The Senegal River Basin Area (UNESCO, 2011). Adapted from 
http://webworld.unesco.org/water/wwap/case_studies/senegal_river/detailed_view.shtml 
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According to UNESCO (2011), approximately 3.5 million people inhabit the 
Senegal River basin with 85% of this population living near the river. The main 
economic activities in the region are agriculture, fishing and livestock keeping. As a 
result of the construction and filling of the Manantali and Diama dams in the 1980s, 
irrigated agriculture increased in this region with a wider variety of crops grown, 
including: onions, rice, tomatoes, potatoes and sweet potatoes (UNESCO, 2011).  
The source of water in the Senegal River is mainly precipitation. Therefore the 
amount of precipitation received significantly varies throughout the basin, from about 
2000 mm per year in the upper basin in Guinea to about 500 mm per year in the valley 
and delta (UNESCO, 2011). The climatic seasons in the basin include: a hot-dry season 
from March to June, a rainy season from June to September which creates a flood stage 
during that period, and a cold-dry season from October to February (UNESCO, 2011).  
History of Management of the Senegal River 
According to Kliot et al. (2001), organization for the management of the Senegal 
River began under the French colonial rule with the purpose of regulating the river for 
navigation. Kliot et al (2001) also mentions that between 1934 and 1952, there was an 
organization called “MAS” in the Senegal whose aim was to collect data and plan 
projects to exploit the river. A number of treaties were later signed in an effort to manage 
the Senegal River basin. The treaties include (Newton, 2007): 
i. The Bamako Convention for the development of the Senegal River Basin,  signed 
by Senegal, Mali, Mauritania and Guinea in 1963 shortly after all these countries 
had their independence. The treaty declared the Senegal river an “International 
River,” and created an interstate committee to oversee its development  
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ii. The 1968 Labe Convention that created the Organization of Boundary States of 
the Senegal River (OERS- Organisation des Etats Riverains Senegal) 
The Organization for the Development of the Senegal River (OMVS) 
Background. The OMVS is an institutional framework in charge of managing the 
Senegal River. It was formed in 1972 in order to control and exploit the resources of the 
river and its valley (OMVS, 2011). The organization now consists of four countries: 
Mali, Mauritania, Senegal, and Guinea which joined in 2009. Having an authority such as 
the OMVS to manage the river basin is important to improving water-sharing, and the 
construction and operation of physical infrastructure, such as public water supply, 
irrigation systems, or structural flood protection (Isnugroho, 2009). It also helps to reduce 
tensions in the region as a means of resolving conflict. For example, the OMVS assisted 
Mauritania and Senegal in resolving their 1988 conflict, which involved farmers and 
herders on both sides of the river fighting over land and water resources (Kliot et al., 
2001).  
Mission. The mission of the OMVS is: “to achieve self-sufficiency for the people 
of the basin, reduce the vulnerability of the economies of member states of the OMVS to 
climate hazards as well as external factors, accelerate the economic development of 
member states, preserve the balance of ecosystems in the sub-region, especially in the 
basin, as well as secure and improve the incomes of people in the valley” (OMVS, 2011). 
Organs of the OMVS: The organs responsible for running the OMVS and their 
functions are given in Table 1 (OMVS, 2011).  
8 
 
Table 1: Organs of the OMVS 
Organ Functions 
Council of Ministers Policy development for the Senegal River Basin for the development of its 
resources 
High Commission Implement the decision of the Council of Ministers 
Report regularly on any initiative within the basin according to the 
guidelines and the powers delegated to it 
Society of Energy Management 
Manantali (SOGEM) 
Operate, maintain and renew joint works with its management 
Cooperation Management and 
Operation of the Dam Diama 
(SOGED) 
Operate, maintain and renew joint works 
Design, construct and finance new common structures 
Standing Committee of Water Define the principles of distribution of water of the Senegal River between 
the states and among sectors of use, including, agriculture, industry and 
transport 
Management Company and 
Operation of Navigation 
(SOGENAV) 
Administer activities of navigation and transport on the river 
Operation, maintenance and renewal of related works 
 
Treaties: Mali, Mauritania and Senegal have signed a number of agreements to 
govern the activities related to the development of the Senegal River. Some of these 
treaties and their importance are given in Table 2 (OMVS, 2011): 
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Table 2: OMVS Treaties 
Treaty Year Signed Function 
Convention on the Establishment 
of the OMVS 
March 11, 1972  Defines the duties and capabilities of the 
organization 
Convention on the Legal Status of 
the Senegal River 
March 11, 1972 Declares the Senegal River as an “international 
watercourse” in Mali, Mauritania and Senegal  
Guarantees freedom of navigation and equality 
in using the river water 
The Convention on the Legal 
Status of Joint Works 
December 21, 1978 Defines the legal status of the common 
structures and the rights obligations of the 
member states as co-owners  
Creates a common management structure 
Convention on the Financing 
Arrangement for Common 
Structures 
May 12, 1982  Provides for funding arrangements of the 
OMVS, the mechanism of guarantees to lenders, 
and a key to allocating costs and charges  
Summary 
Benefit sharing in the Senegal River valley has helped resolve conflict and reduce 
tensions among the countries in the region. The fact that Guinea, the fourth riparian state 
which initially did not want to be a part of the organization joined the OMVS recently, 
shows that the OMVS has been successful at encouraging cooperation among the 
countries sharing the Senegal River and in managing the river basin effectively. 
The Nile River 
The Nile is the longest river in the world with its source in Lake Victoria in East 
Africa. The River is divided into the White Nile and the Blue Nile. The White Nile flows 
north from Uganda through Sudan, where it meets the Blue Nile, which rises from the 
confluence at Khartoum to the Ethiopian highlands. From Khartoum, the river continues 
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to flow to Egypt and into the Mediterranean Sea (Figure 2). The length of the Nile is 
about 6,695 Km, and the area of the river basin is about 3,349,000 Km
2 
(NBI, 2011).  
 
Figure 2: The Nile River Basin Area.  
Adapted from http://ethiopiaforums.com/sudan-agrees-to-tripartite-committee-over-
ethiopia%E2%80%99s-nile-dam 
For a long time, the Nile River basin countries have been in dispute over the river. 
These disputes are attributed to water scarcity, poverty, and rapidly growing populations 
as the demand for water increases. The riparian countries of the Nile River include: 
Uganda, Kenya, Tanzania, Rwanda, Burundi, the Democratic Republic of Congo, Sudan, 
Ethiopia, Eritrea and Egypt. These countries formed the Nile Basin Initiative (NBI), an 
organization to oversee the management of the Nile River. 
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History of Management of the Nile River 
In 1929 under administration of the British, Egypt signed an agreement with 
Britain, on behalf of the other riparian states which at the time were British colonies. This 
Water Treaty gave Egypt control of the Nile over the other riparian states. Therefore, the 
upstream countries could not set up development projects along the Nile without consent 
from Egypt (Rahman, 2011). Because of this treaty, countries like Ethiopia and Sudan 
which suffer water shortages have been in conflict with Egypt. These countries along 
with other riparians say that the 1929 Water Treaty should be renegotiated with a more 
equitable sharing of the Nile’s waters (Teshome, 2008).  
In an attempt to manage the Nile, the Nile Basin Action Plan was launched in 
1995, and in 1997 the Canadian International Development Agency (CIDA) through 
collaborations with the World Bank (WB) attempted to promote dialogue and encourage 
cooperation among riparian countries (Rahman, 2011). In 1999, an institutional 
framework, the Nile Basin Initiative (NBI) was formed to manage and control the waters 
of the Nile River.  
The Nile Basin Initiative (NBI) 
 Background. The Nile Basin Initiative (NBI) is an inter-governmental 
organization established in 1999 to resolve water conflict in the region, reduce poverty 
and promote economic integration (International Rivers, 2011). The NBI is a partnership 
among the riparian states of the Nile River, led through the Council of Ministers of Water 
Affairs (Nile Council of Ministers, or NILE-COM) of these states. The foundation of the 
NBI is on the premise that cooperative development holds the greatest prospects for 
bringing benefits to the region. Therefore, it seeks to develop the river in a cooperative 
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manner, share substantial socioeconomic benefits, and promote regional peace and 
security (NBI, 2011). 
 Mission. The NBI vision is: “to achieve sustainable socioeconomic development 
through the equitable utilization of, and benefit from, the common Nile Basin water 
resources” (International Rivers, 2011). 
The primary objectives of the NBI are (NBI, 2011): 
i. “To develop the Nile Basin water resources in a sustainable and equitable 
way to ensure prosperity, security, and peace for all its peoples 
ii. To ensure efficient water management and the optimal use of the resources 
iii. To ensure cooperation and joint action between the riparian countries, 
seeking win-win gains 
iv. To target poverty eradication and promote economic integration 
v. To ensure that the program results in a move from planning to action” 
Organs. The organs of the NBI and their functions are included in Table 3 (NBI, 
2011): 
Table 3: Organs of the NBI 
Organ Function 
Nile Council of Ministers (NILE-COM) Governing body and supreme policy and decision making 
organ 
Technical Advisory Committee  
(NILE-TAC) 
Provides technical advice to the water ministries of the basin 
countries, and the NILE-COM.  
Interface between NILE-COM and Development Partners, 
and NILE-COM and programs and projects of the NBI 
Provides Insight for NBI programmatic activities 
Secretariat Promote cooperation among member states 
Basin-wide water resources management 
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The Socio-Economic Development and Benefit Sharing Project (SDBS) 
The NBI has a SDBS project whose function is to create a network of 
professionals from economic planning and research institutions, technical experts from 
the public and private sectors, academics, sociologists, and representatives from civic 
groups and NGOs from across the basin to explore scenarios for the development of the 
Nile and benefit-sharing schemes (NBI, 2011).  
Summary 
Allocation of the waters of the Nile between Egypt and Sudan did not seem to 
work as Sudan felt it was being cheated. Thus, there were still tensions between Egypt 
and Sudan. The Nile Basin Initiative (NBI) is currently debating the shift from water 
allocation of the Nile’s waters to benefit sharing of the overall costs and benefits from the 
river system. Hopefully, the riparian countries will soon come to a reasonable conclusion. 
The Niger River 
The Niger is the longest river in western Africa, and the basin spreads over 9 
countries: Guinea, Ivory Coast, Burkina Faso, Benin, Algeria, Niger, Chad, Cameroon, 
and Nigeria as seen in Figure 3 (NBA, 2011). 
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Figure 3: The Niger River Basin Area.  
Adapted from http://www.whycos.org/cms/content/niger-hycos-english 
History of Management of the Niger River 
  According to Kliot et al (2001), cooperation in the Niger basin started around 
1963 when seven of the nine riparian countries signed the Act of Niamey. In this 
agreement, navigation and transport issues were settled, as well as the exploitation of the 
basin’s resources for agriculture and industry. According to NBA (2011), the idea of 
forming a public agency to promote the development of the Niger River basin dates back 
to colonial days in the 1950s when a Mission of Review and Management of Niger was 
created in Bamako.  
The Niger Basin Authority (NBA) 
 Background. The Niger Basin Authority was created in 1964, in its original form, 
the River Niger Commission (RNC), (NBA, 2011). The RNC was not successful and was 
15 
 
eventually replaced by the NBA, which inherited all the RNC’s assets, liabilities and 
programs (Newton, 2007). Much as the structure of the NBA is similar to that of the 
OMVS, the NBA has not been as successful as the OMVS in fulfilling its objectives. This 
may be attributed to having seven member states, which is a large number of countries to 
manage, as opposed to three for the OMVS; and also lack of enough funding for their 
projects (Kliot et al., 2001). 
Mission: The mission of the NBA is “to promote cooperation between the 
member countries and to ensure an integrated development of the basin in all areas by 
the development of its resources” (NBA, 2011). 
 Organs. The organs of the NBA and their functions are included in Table 4 (NBA, 
2011): 
Table 4: Organs of the NBA 
Organ Function 
Summit of Heads of States and Governments Supreme body of guidance and decisions 
Council of Ministers Supervisory body of the NBA 
Technical Committee of Experts Prepares sessions of the Council of Ministers 
Gives reports and recommendations to the Council 
of Ministers 
Executive Secretary Streamlines operation of the NBA ensuring 
consistency of its actions and cohesion of its 
members 
Summary 
Unlike the Senegal River basin, benefit sharing in the Niger River basin has not 
been as successful. This could be attributed to the large number of riparian states, or even 
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to lack of a shared common interest by all riparians in joint development of the basin. 
Lack of funds may also be a factor. 
The Zambezi River 
The Zambezi is the fourth largest river system in Africa after the Nile, Congo and 
Niger Rivers. The river rises in northwestern Zambia and flows for 2,650 kilometers from 
its source to the Indian Ocean in Mozambique. The river is found in Southern Africa and 
is shared by 8 riparian states (Figure 4): Angola, Botswana, Malawi, Mozambique, 
Namibia, Tanzania, Zambia, and Zimbabwe (ZRA, 2011).  
 
Figure 4: The Zambezi River Basin Area. Adapted from  
http://www.planet-action.org/web/85-project-detail.php?projectID=939 
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History of Management of the Zambezi River 
In June 1956, a Federal Power Board was formed on the Zambezi to construct 
dams and power stations on the river, and in each of the Zambezi territories, an 
organization to collect hydrological data was formed. The Federal Power Board was 
dissolved in 1963 and the Central African Power Corporation (CAPCO) took over with 
the aim of supplying electricity to Electricity undertakings in Northern and Southern 
Rhodesia. In 1967, the Zambezi River Act was passed in Zambia and Zimbabwe and 
CAPCO dissolved (ZRA, 2011).  
Zambezi River Authority (ZRA) 
Background. The ZRA was established in 1987 and is governed by a council of 
Ministers consisting of four members: two ministers from the government of the 
Republic of Zambia and two from the Republic of Zimbabwe (ZRA, 2011).  
Mission. The Mission of the ZRA is “to cooperatively manage and develop the 
water resources of the Zambezi River in an integrated and sustainable manner, in order 
to supply quality water, hydrological and environmental services, for the maximum 
socioeconomic benefits to Zambia, Zimbabwe, and the other riparian states; promoting 
regional cooperation in integrated water resources management; providing hydrological 
and environmental services to all the Zambezi Basin states; efficiently, equitably and 
sustainably managing and operating the Kariba Complex and other future dams on the 
Zambezi River” (Newton, 2007). 
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Zambezi Watercourse Commission (ZAMCOM) 
Background. ZAMCOM is another interstate body formed in 2004 to manage and 
develop the resources of the Zambezi River. It is a project of the Southern African 
Development Community (SADC). ZAMCOM is responsible for joint management and 
decision-making among the 8 riparian states sharing the Zambezi to avoid water conflict 
in the region. Of the 8 riparian states, only Mozambique, Angola, Namibia, and 
Botswana, Mozambique and Namibia have signed the ZAMCOM agreement (Boss, 
2010).  
Organs. ZAMCOM consists of three organs whose functions are given in Table 
5(Munjoma, 2004):  
Table 5: Organs of ZAMCOM 
Organ Function 
Council of Ministers Adopt policies and decisions and provide necessary leadership during 
implementation  
Technical Committee Implement policies and decisions of the Council 
Secretariat Provide administrative and technical services to the Council under the 
Technical Committee’s Supervision 
Facilitate the development of a strategic plan, annual work program, plans, 
studies, assessments and other documents required for implementation of the 
agreement  
 
Water Allocation in the Zambezi 
A number of water allocation models have been created for optimal allocation of 
water of the Zambezi, some of the models including models by Gandolfi et al (1997) and 
another by Tilmant et al. (2010). 
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Gandolfi et al. (1997) analyzed the optimal flow allocation in the Zambezi river 
system, with its operation modeled in network terms, as a deterministic, open-loop, 
optimal allocation problem (Figure 5). The general formulation of the model equation for 
multi-reservoir system is shown in Figure 6. 
 
Figure 5: Optimal Flow Allocation in the Zambezi. Adapted from Gandolfi et al. (1997) 
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Figure 6: Water Allocation Model. Adapted from Gandolfi et al. (1997) 
Tilmant et al. (2010) developed a stochastic dual dynamic programming model 
(SDDP), an optimization technique well-suited to sequential decision making problems. 
The SDDP can handle a large number of reservoirs, and the multistage decision-making 
problem is solved as a set of recursive, one-stage, optimization problems in which the 
decision variables are selected to maximize the total expected immediate and future 
benefits. According to Tilmant et al. (2010), the sharing of the Zambezi waters should go 
hand in hand with the sharing of basin-wide benefits if upstream countries are willing to 
forgo some of their benefits by reallocating water downstream.  
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Summary 
Joint cooperation exists in the Zambezi River basin to control and manage the use 
of the waters of the Zambezi River. Cooperation includes joint management of facilities 
such as dams. Also, various water allocation models have been set up to allocate the 
waters of the Zambezi among the riparian countries. However, several of the countries 
sharing the basin have not ratified the agreement establishing ZAMCOM. 
The Mekong River 
The Mekong is the tenth longest river in the world, and the longest in South East 
Asia, stretching 2,703 miles through six countries (Figure 7). The river flows through the 
provinces of China, Myanmar, Lao PDR, Thailand, Cambodia and Vietnam and then 
finally into the South China Sea (MRC, 2011). This river has one of the most complex 
hydrological systems in the world and experiences very large flows, which vary 
depending on the rainfall received (Yun, 2010). The Upper Mekong Basin includes the 
Tibetan Plateau, the Three Rivers Area and the Lancang Basin, while the Lower Mekong 
Basin includes the Northern Highlands, Khorat Plateau, Tonle Sap Basin and the Mekong 
Delta. The basin drains a total land area of about 795,000 square kilometers from the 
eastern watershed of the Tibetan Plateau to the Mekong Delta (MRC, 2011). The 
inhabitants of the river basin rely greatly on the river for their livelihoods, and 85 percent 
of the work force in the basin practice irrigated agriculture and fishing (Yun, 2010). 
History of Management of the Mekong River 
In 1957, the Mekong Committee was established by Cambodia, Laos, Thailand 
and Vietnam. The committee was charged with collecting basic data, flood control, 
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assistance and planning of dams, fishing, navigation, and pollution control. The upper 
riparians, China and Myanmar were not included and this seriously hindered efforts to 
manage the river efficiently and equitably for the benefit of all the riparians (Kliot et al., 
2001). In 1995, a more complex structure, the Mekong Commission was formed with the 
hope that the two upper riparians, China and Myanmar would join. Currently, the 
People’s Republic of China and the Union of Myanmar are engaged as MRC Dialogue 
Partners. 
 
Figure 7: Mekong River Basin Area  
Adapted from http://www.africanwater.org/mekong_river.htm 
The Mekong River Commission 
Background. The Lower Mekong River is shared by four riparians; Thailand, 
Vietnam, Cambodia and Lao People’s Democratic Republic. In 1995, these four countries 
23 
 
signed the Mekong Agreement which defines the principles for cooperation in managing 
the shared resources of the Mekong River (Johnston et al., 2003). The agreement 
acknowledges that “the Mekong River Basin and the related natural resources and 
environment are natural assets of immense value to all the riparian countries” (Johnston 
et al., 2003). 
Through the Mekong River Commission (MRC), the four riparian countries are 
working to negotiate rules for water use in the LMB and create a Basin Development 
Plan (BDP) to make certain that water is reasonably and equitably allocated, and that 
river flows are maintained with acceptable limits to protect the river and its ecosystems 
(Johnston et al., 2003). 
The BDP is developing a resource allocation and optimization model which 
combines hydrological and water-use data to examine how water resources in the LMB 
can be allocated amongst various water use-sectors and functions (Johnston et al., 2003). 
Mission. The mission of the Mekong River Commission is: “to promote and 
coordinate sustainable management and development of water and related resources for 
the countries’ mutual benefit and the people’s well-being” (MRC, 2011). 
Early in 2011, the MRC endorsed two key strategies (MRC, 2011): 
i. The Integrated Water and Related Resources Management (IWRM)-based Basin 
Development Strategy to give regional and transboundary perspectives for basin 
development planning.  
ii. The 2011-2012 Strategic Plan to support the implementation of the strategy as 
well as provide a platform for the MRC’s plan to decentralize core functions of 
the MRC Secretariat to the national level 
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Organs. The organs of the MRC and their functions are included in Table 6 
(MRC, 2011):  
Table 6: Organs of the MRC 
Organ Function 
MRC Council Reviews and works toward mutual understandings on the management and 
development of water and related resources within the framework of the 1995 
Mekong Agreement 
MRC Joint 
Committee 
Takes the decisions and policies and puts them into action 
MRC Secretariat 
Facilitates the regional meetings of the member countries 
Gives technical advice on common planning, coordination and cooperation 
Works closely with the four countries’ coordinating bodies, the National 
Mekong Committees, and other state agencies 
 
Treaties. Some of the treaties of the MRC are included in Table 7 (MRC, 2011); 
Table 7: MRC Treaties 
Treaty Year Signed Function 
Agreement between the 
Government of the Socialist 
Republic of Vietnam and the 
Royal Government of Cambodia 
on Waterway Transportation 
 
Dec 13, 1998 Establish a legal framework for the effective 
implementation of freedom of navigation in the 
Mekong River Basin 
Create favorable conditions for transit and off-
border navigation within the regulated waterways 
Agreement on the Cooperation 
for the Sustainable Development 
of the Mekong River Basin 
April 5, 1995 To establish a framework for cooperation in the 
sustainable development, utilization, 
conservation, and management of the MRC 
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Summary 
The Mekong River Commission advocates for joint management of the water 
resource. Because only the lower riparians are cooperating, the efforts to efficiently and 
equitably manage the river for the benefit of all riparians have been suppressed, 
especially since one of the upper riparians, China, has recently completed construction of 
the Man Wan Dam and Dachaoshan.  
Summary of the Institutional Frameworks for Cooperation 
A summary of the Institutional Frameworks for cooperation discussed in this 
chapter is shown in Table 2. 
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Table 8: Summary of the Institutional Frameworks for Cooperation on International River Basins 
River Institutional 
Framework for 
Cooperation 
Function Sharing Method Decision Powers Administrative Structure Summary 
Senegal OMVS (1972) Self-sufficiency for the people of the basin, Reduce 
vulnerability of economies of member states to climate 
hazards and external factors, Accelerate economic 
development,  Preserve balance of ecosystems in the sub-
region, Secure and improve the incomes of people in the 
valley 
Basin-centered Financial Operations 
 
High Commission, Council 
of Ministers, Techincal 
Committees (SOGEM and 
SOGED), Standing 
Committee of Water 
Cooperation 
by cost and 
benefit sharing 
Nile NBI 
(1999) 
Socioeconomic development through equitable 
utilization of, and benefit from the Nile Basin resources 
Basin-centered River management 
(flow) 
Financial 
Council of ministers, Summit 
of Heads-of-State, 
Secretariat, Technical 
Cooperation Committee 
 
Cooperation 
by joint 
management 
Niger NBA (1964) Promote cooperation between member states and ensure 
integrated development of the basin in all areas by the 
development of its resources 
Basin-centered Financial Operations Summit of Heads-of-State, 
Council of Ministers, 
Technical Committee of 
Experts, Executive Secretary 
Cooperation 
by joint 
management 
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River Institutional 
Framework for 
Cooperation 
Function Sharing Method Decision Powers Administrative Structure Summary 
Zambezi ZRA (1987) 
 
Cooperatively manage and develop the water resources in 
an integrated and sustainable manner for the maximum 
socioeconomic benefits; Promote regional cooperation in 
integrated water resources management; Provide 
hydrological and environmental services to basin states; 
Efficiently, equitably and sustainably manage and 
operate the Kariba Complex and other future dams on the 
River 
Individual 
Countries 
River management 
(flow) 
Financial 
Council of Ministers Cooperation 
by joint 
management 
and water 
allocation 
ZAMCOM 
(2004) 
Joint management and decision-making among the 
riparian states to avoid conflict over the valuable 
resources of the river and its surrounding areas 
Council of Ministers 
Techincal Committee 
Secretariat 
Mekong MRC (1995) Water resources development, and ensure water 
allocation in reasonable and efficient manner 
Individual 
countries for 
China, Myanmar. 
Basin centered for 
others 
Financial for LMB 
 
Council 
Joint Committee 
Secretariat 
 
 
     
Cooperation 
by joint 
management 
 
 
 
28 
 
CHAPTER 3 
COST ALLOCATION METHODOLOGIES 
Overview and General Principles 
The case study for this research on cost allocation methods in international river 
basins is the Senegal River basin in West Africa which is managed by the Organization 
for the Development of the Senegal River; also known as the OMVS. This chapter will 
start by defining cost allocation and why it is necessary, and then discuss the general 
principles, approaches and methods used in cost allocation. The chapter will also look at 
the different methods used in discounting to obtain the costs and benefits’ present value.  
Cost allocation is a process that involves apportioning the total costs of a project 
among the participating parties, project services and use-sectors in a development 
program (Riley et al, 1978). The project costs to be shared may include: planning and 
installation costs, operation, maintenance and replacement costs, as well as interest costs. 
The purpose of the allocation is to enable collection of revenue to repay the investment, 
and also promote economic efficiency in the use of the project works. 
Riley et al. (1978) mentioned four basic principles that should be satisfied by a 
good cost allocation method. The method should:  
i. give ample performance incentives to all participants in the project 
ii. facilitate loan acquisition 
iii. assure equity among the economic sectors and participating countries 
iv. provide for efficient use of all resources essential to the project 
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Approaches to Cost Allocation under International River Basin Schemes 
Because multi-purpose projects that are shared by a number of countries produce 
economies of scale, care must be taken in choosing the method to divide the resulting 
costs among the participating countries and service works so that each of the parties 
involved will be content with the outcome. The total project costs therefore have to be 
allocated equitably among the various economic sectors that benefit from the project 
(Riley et al., 1978). 
In the OMVS project, costs are allocated to the economic sectors and countries in 
accordance with the received benefits. Difficulties arise, however, because the joint costs 
cannot be directly assigned to a particular country or purpose but still have to be 
distributed. Riley et al (1978) discussed three basic approaches to allocating costs under 
development schemes in International River basins. The methods include: 
i. The Trade-off or Alternative Use Method which involves identifying a primary 
use and apportioning costs charged to other uses on the basis of the degree of 
disbenefit that the other uses have on the primary use 
ii. The Use-Sector Analysis Method which involves apportioning costs to each use 
on the basis of its degree of utilization of the works and has the benefit of not 
requiring an establishment of use priority 
iii. The Economic Sector Analysis Method where costs are apportioned on the basis 
of the projected economic returns associated with each of the proposed uses of the 
project  
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Cost Allocation in the Senegal River Basin 
Riley et al. (1978) mentions an agreement (“Cost Allocation,” memo 57981-2, 
Washington D.C., March 1954) signed on March 12, 1954, by the U.S. Department of the 
interior, the department of the Army, and Federal Power Commission. In this agreement, 
the Separable Cost Remaining Benefit method (SCRB) is said to be the most acceptable 
method of allocating costs among multiple purpose developments, according to Riley et 
al. (1978). The method used in apportioning costs among the various sectors and 
countries on the Senegal River is the Adjusted Separable Costs Remaining Benefits 
Method (ASCRB), which is a variant of the SCRB method. The two methods are 
discussed briefly below. 
 Separable Cost Remaining Benefit (SCRB) Method 
In the SCRB method, each project function is assigned the separable costs of 
including it in the multipurpose development, in addition to its share of the joint costs of 
the project. The joint costs are apportioned based on the remaining benefits accruing to 
each function (Riley et al., 1978). Table 9 shows an example of cost allocation using the 
SCRB method. 
Suppose we have a multipurpose water project involving flood control, 
hydropower production, irrigation and navigation having an estimated total cost of 2500 
units and with project benefits, alternative costs, and separable costs given as shown in 
rows 1, 2 and 4 of Table 9 respectively. The justifiable cost (Row 3) of a given project 
will be the lesser of the project benefits (Row 1) or alternative cost (Row 2) of the 
project. The difference between the total project cost and the sum of the separable costs 
(Σ Row 4) will equal the joint cost of the project. The joint project cost has to be shared 
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by the project services (flood control, hydropower production, irrigation and navigation). 
In the SCRB method, the joint costs are allocated to the project services in proportion to 
the remaining benefits obtained from each service. The remaining benefits (Row 5) are 
calculated by subtracting the separable costs of the project (Row 4) from the justifiable 
cost (Row 3). The allocated joint costs to each project service will therefore be given by 
(Row 5/ Σ Row 5)*joint cost. And thus the total allocated cost to each service will be the 
sum of the allocated joint costs and separable costs to that service (Row 6 + Row 4). The 
sum of all the total allocated costs (Σ Row 7) should equal to the total cost of the project. 
Table 9: SCRB Method (Riley et al., 1978) 
Row 
No. 
Item Flood 
Control 
Power Irrigation Navigation Totals 
1 Project benefits 2000.00 3000.00 1000.00 500.00 6500.00 
2 Alternative costs (single 
purpose project) 
800.00 2000.00 1200.00 160.00 4160.00 
3 Justifiable costs (lesser of 
Row1 or Row2) 
800.00 2000.00 1000.00 160.00 3960.00 
4 Separable costs 760.00 1200.00 300.00 100.00 2360.00 
5 Remaining benefits 
(Row3 – Row4) 
40.00 800.00 700.00 60.00 1600.00 
6 Allocated joint costs 3.50 70.00 61.25 5.25 140.00 
7 Total allocated costs 
(Row4 + Row6) 
763.50 1270.00 361.25 105.25 2500.00 
 
The Adjusted Separable Costs Remaining Benefit (ASCRB) Method  
The ASCRB method is the method used by the OMVS to allocate costs to the 
various countries and project services in the OMVS project. The ASCRB method was 
used because it satisfies the principles of benefit-cost sharing which include equity and 
economic efficiency. The ASCRB method adjusts for some inequity of the SCRB 
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formula by applying a credit to the separable costs so that separable costs are subtracted 
from justifiable costs on a greater that 1:1 basis thus gives better results than the SCRB 
method (Riley et al., 1978). Because the Separable Cost Remaining Benefit Method 
satisfies the economic efficiency principle and not the equity principle, the ASCRB 
method was developed, which satisfies both principles. Equity in the ASCRB method is 
satisfied through an adjustment factor that is used in adjusting the separable costs to the 
different project services in order to obtain remaining benefits which are used in 
obtaining proportions with which the joint costs are allocated to the various services of 
the project (Riley et al., 1978). 
Cost allocation using the ASCRB method is illustrated in Table 10 with the same 
example used to illustrate the SCRB method. In the ASCRB method, the costs for all 
other purposes (Row 5) are calculated by subtracting the cost for a particular use sector 
(Row 4) from the total project cost. Then the justifiable cost for all other purposes (Row 
6) is given as the lesser of the cost for all other purposes (Row 5), or the difference 
between the total justifiable cost for the project (Σ Row 3) and the justifiable cost for that 
purpose (Row 3). An adjustment factor is then calculated as the sum of the justifiable cost 
for a single purpose (Row 3) and the justifiable cost for all other purposes (Row 6) 
divided by the total project cost (2500 units).  
The Adjusted Separable cost is thus calculated by multiplying the separable cost 
(Row 4) by the adjustment factor (Row 7). The remaining benefits are obtained by 
subtracting the adjusted separable costs (Row 8) from the justifiable costs (Row 3). The 
joint cost proportions (Row 10) are obtained by dividing the remaining benefits (Row 9) 
by the sum of the remaining benefits (Σ Row 9), and then the allocated joint costs are 
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obtained by multiplying the joint cost proportion (Row 10) by the difference between the 
total project cost and the total separable costs (Σ Row 4). The total allocated cost is then 
given by summing the separable cost (Row 4) and the allocated joint cost (Row 11), and 
the sum of the total allocated costs of all the project purposes should equal to the total 
project cost. 
Table 10: ASCRB Method (Riley et al., 1978) 
Row 
No. 
Item Flood 
Control 
Power Irrigation Navigation Totals 
1 Project benefits 2000.00 3000.00 1000.00 500.00 6500.00 
2 Alternative costs (single purpose project) 800.00 2000.00 1200.00 160.00 4160.00 
3 Justifiable costs (lesser of Row 1 or Row 
2) 
800.00 2000.00 1000.00 160.00 3960.00 
4 Separable costs 760.00 1200.00 300.00 100.00 2360.00 
5 Costs for all other purposes 
(total cost – Row 4) 
1740.00 1300.00 2200.00 2400.00 - 
6 Justifiable costs for all other purposes 
(lesser of Row 5 (or) Σ Row 3 less 
justifiable cost for purpose (Row 3) 
1740.00 1300.00 2200.00 2400.00 
- 
7 Adjustment factor 
(Row 3 + Row 6)/total cost 
1.02 1.32 1.28 1.02 - 
8 Adjusted separable costs (Row 4 x Row 7) 772.16 1584.00 384.00 102.40 - 
9 Remaining benefits (Row 3 - Row 8) 27.84 416.00 616.00 57.60 1117.44 
10 Joint Cost proportions (Row 9 / Σ Row 9) 0.02 0.37 0.55 0.05 1.00 
11 Allocated joint costs (Row 10 x (total 
project costs - Σ Row 4)) 
3.49 52.12 77.18 7.22 140.00 
12 Total allocated costs (Row 4+Row 11) 763.49 1252.12 377.18 107.22 2500.00 
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Discounting Techniques 
In economic analyses of projects that will be implemented and operated over a 
period of time, the value of a cost or benefit this year does not have the same value as a 
cost or benefit at some future time. Hence monetary values must be established by time 
as well as amount. Costs and benefit amounts in different periods of time can be 
compared using a factor for the time value of money, reflecting that the value of money 
becomes relatively smaller the further we look into the future. This factor is called the 
discount rate and is expressed as a percent per time period.  
The practice of discounting future amounts to transform them to present value is 
essential to economic analysis because it allows comparison of common monetary units 
at a given point in time. This helps make realistic economic evaluations and investment 
decisions (Dzurik, 2003). The method used for discounting in the OMVS project is the 
Present Worth method and is described briefly below. 
Present worth Method 
In this method, the future cashflows are discounted to the value in the base year, 
which normally is the present, calculated as by the following formula. 
   Σ   
   
      
 
If the single value (PW) that results is positive, the investment is worthwhile from 
an economic standpoint, and if negative it will not yield the desired return as represented 
by the discount rate, d. Ct is the net cashflow in year t, and N is the number of time 
periods, usually annual, over the analysis period (Dorf, 1999). 
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Summary 
The method chosen to calculate costs on the Senegal River Basin is the Adjusted 
Separable Cost Remaining Benefit (ASCRB) method. This method was chosen because it 
provides for equity and economic efficiency in apportioning costs to the various use-
sectors and countries, as opposed to the Separable Costs Remaining Benefit (SCRB) 
Method which only provides for equity in the sharing process. Because developments in 
Agriculture, Navigation, Energy and Municipal and Industrial uses were predicted for 50 
years, the costs and benefits applying to the forecasted developments had to be 
discounted to their equivalent in the present time using the Present worth Method. 
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CHAPTER 4 
THE OMVS PROJECT AND ITS BENEFITS 
Project Setup 
The Organisation pour la Mise en Valeur du Fleuve Senegal (OMVS) was formed 
in 1972 by the governments of Mali, Mauritania and Senegal to promote irrigation, 
navigation, and hydropower generation in the valley (Bosshard et al, 1999). Guinea, the 
fourth member of the OMVS joined the organization recently and the data required as 
input to the model is yet to be established hence the model data presented in this research 
does not reflect that of Guinea.  
The Manantali and Diama dams both of which were built on the Senegal River are 
the basic system infrastructure in the OMVS project and are referred to as the service 
works in this report. All the benefits and costs for the project are attributed to the 
existence of these two dams. The service works feed the project services and use-sectors. 
The project services include: Energy, Navigation, Municipal and Industrial, and 
Agriculture which has use-sectors: large perimeters, small perimeters, flood recession 
agriculture, displaced flood recession agriculture and displaced rain-fed agriculture. 
Manantali Dam is in Mali while the Diama dam is at the mouth of the Senegal River in 
Senegal. Other system infrastructure includes: the Manantali hydro electric power station 
and power distribution networks, river dredging and channel maintenance equipment, 
ports, channel markings and navigation flotilla, e.t.c. (Riley et al., 1978).  
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Service Works of the Senegal River 
Manantali Dam 
The Manantali Dam (Figure 8) in Mali is located on the Bafing River which is a 
tributary of the Senegal River. The dam was built to attenuate excessive floods, provide 
head and water flows for hydropower generation, store water for irrigation, and also 
maintain a minimum river flow at Bakel for navigation (Riley et al., 1978). The dam is 65 
meters high and 1460 meters long. The reservoir surface area is 477 km
2
, with a reservoir 
storage capacity of 11.3 billion m
3
 (OMVS, 2011). Construction of the dam began in 
June 1982, and was completed in 1987, by which time construction of the hydropower 
plant had not commenced (Bosshard et al., 1999). The Manantali power station produces 
200 MW of power and consists of a network of 1300 km of transmission lines to the 
capitals of Mali, Mauritania and Senegal (Bosshard et al., 1999). The power station came 
online in 2002 and has been fully functional since May 2003 (Alam and Dione, 2004).  
 
Figure 8: Manantali Dam. Adapted from http://www.panoramio.com/photo/4385607 
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Diama Dam 
The Diama dam (Figure 9) at the mouth of the Senegal River impounds 310 million 
cubic meters of water. The dam was built to prevent sea water intrusion upstream into the 
lower valley, thereby protecting water and irrigation wells and enabling a reservoir of 
fresh water on the upstream side, to store water to enable irrigation and double cropping 
(Riley et al., 1978). Construction of the dam began in 1981 and was completed in 1986 
(Bosshard et al., 1999).  
 
Figure 9: Diama Dam. Adapted from 
http://yalemedicine.yale.edu/summer2005/features/feature/52239 
Use Sectors of the Senegal River 
The use-sectors in the OMVS project pertain to agricultural land use and include: 
Large Perimeters, Small Perimeters, Flood Recession Agriculture, Displaced Flood 
Recession Agriculture, and Displaced Rain-fed Agriculture.  
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Large Perimeters are the large irrigable farmlands that have been cultivated while 
Small perimeters are the small irrigable pieces of land that have been cultivated.  
Recession agriculture is a very important type of traditional agriculture in the 
valley and delta of the Senegal River (OMVS, 2011). The annual flood of the Senegal 
River has over the years been the basis of flood recession agriculture, fishing and cattle 
grazing (Bosshard et al., 1999). The flood recession areas that are cultivated and the 
potential crop yields are a function of the height of the flood and rate of receding. Before 
the OMVS came into existence, about 312,000 ha was flooded on either side of the river, 
and the cultivated area was about 108,000 ha, which included 65,000 ha of shore land 
(OMVS, 2011). With the construction of the Manantali Dam, the annual flood was 
reduced to an artificial two-week flood (Bosshard et al., 1999).  
Displaced flood recession agricultural areas include those areas that were 
originally cultivated immediately after the floods receded, but are now under irrigation. 
With rain-fed agriculture, crops are planted shortly after the beginning of the rainy 
season. This kind of agricultural practice is important mainly for the livelihoods of the 
people in the upper basin, who also practice shifting cultivation (OMVS, 2011). The land 
in this region is very fertile and the region receives relatively good rainfall of about 1400 
- 600 mm per year. The valley and delta receive about 500 mm of rainfall, thus rain-fed 
agriculture is of less importance. The soils in this region are also generally poor and low-
yielding (OMVS, 2011). 
Displaced rain-fed agriculture includes those areas that were originally dependent 
on rain but are now currently being irrigated with water from the dam. The benefit from 
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this area is therefore the benefit obtained in excess of the benefit that was obtained from 
rain-fed agriculture.  
Tables A-2 through A-6 in Appendix A show in detail the different use-sectors 
with the percentage of crops in theoretical hectare grown in the wet, hot-dry and cold-dry 
seasons, and yield of the crops per hectare. The tables also show the prices of the crops 
per tonne, as well as the annual crop production in thousand FCFA per hectare.  
Project Services 
Agriculture 
The potential irrigable area along the Senegal River is about 375,000 ha. This 
figure is about 3 times more than the area that has previously been managed (OMVS, 
2011). A wider variety of crops is now grown in the Senegal River Valley due to the 
availability of water from the dam throughout the year. The main crops grown are: 
sugarcane, forage, vegetables, millet, cowpea, rice, sorghum, maize, and tomatoes. Table 
11 shows a list of the crops with their crop prices in FCFA dated back in 1976 when the 
project was started. The FCFA is the monetary unit used in Senegal.  
Table 11: Crop prices for the Senegal River Valley (Riley et al., 1978) 
Crop Price (FCFA/Kg) 
Mali Mauritania Senegal 
Sugarcane 81 81 81 
Forage 51 290.69 290.69 
Vegetables 60 60 60 
Millet/Cowpea 115 115 115 
Rice 106 106 106 
Sorghum/Maize 115 115 115 
Tomatoes 115 115 115 
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In the first years of the project, from 1976 to the early 1980s, construction of the 
dams had not commenced, therefore there are no developments in the agricultural use-
sectors during this period, which will be reflected in all the graphs in this report. Figures 
10, 11 and 12 show the estimated growth in agricultural areas in Mali, Mauritania and 
Senegal over the next 50 years. 
With Manantali Dam, it is seen from Figure 10 that there is no development of 
agricultural areas in Mali for large perimeters and no displacement of flood recession 
agriculture. There is an increase in small perimeters, and rain-fed agriculture is being 
displaced. Figure 11 shows a relatively constant increase in large perimeters in 
Mauritania along Manantali dam to 50 M ha in year 50, while the small perimeter and 
displaced flood recession agricultural areas increase to a point and level off, which could 
be due to the fact that these use-sectors have reached their potential. The displaced rain-
fed areas start to increase around the year 2010. Figure 12 shows that along Manantali 
Dam in Senegal, there is a much bigger increase in irrigated agriculture on large 
perimeters and small perimeters. Rain-fed agriculture and flood recession agriculture are 
greatly being displaced, and together with the small perimeters, the areas increase to a 
point and stop. From Figures 10, 11 and 12, it can be seen that there is a much bigger 
increase in irrigated agriculture development in Mauritania and Senegal than in Mali. 
Figures 13 and 14 show that there is no development of flood recession 
agriculture along Diama Dam in Mauritania and Senegal, but there are smaller 
developments in irrigated large perimeters, small perimeters, displaced rain-fed and flood 
recession agriculture. There is no development of irrigated areas in Mali from Diama 
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Dam because Diama Dam is at the mouth of the Senegal River accessible to Senegal and 
Mauritania while Mali is too far away in the upper basin of the river. 
 
Figure 10: Development of Irrigated Agriculture in Mali from Manantali Dam 
 
 
Figure 11: Development of Irrigated Agriculture in Mauritania from Manantali Dam  
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Figure 12: Development of Irrigated Agriculture in Senegal from Manantali Dam  
 
 
Figure 13: Development of Irrigated Agriculture in Mauritania from Diama Dam 
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Figure 14: Development of Irrigated Agriculture in Senegal from Diama Dam 
Municipal and Industrial (M&I) 
The municipal and industrial sectors in the region have grown and will continue 
to grow because of improved water supplies to the surrounding areas in terms of both 
quality and quantity of the water (Riley et al., 1978). 
Energy Production 
Hydroelectric power is obtained from Manantali Dam. Two transmission lines 
serve the region. One line is shared by Mali, Mauritania and Senegal (Transmission Line 
MLI RIM SEN), and the other line is shared between Mauritania and Senegal 
(Transmission Line RIM SEN). There are no hydropower benefits from Diama dam. The 
energy benefits for the transmission lines are shown in Figures B-15, B-16, B-17 and B-
18 in Appendix B. 
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Navigation 
According to OMVS (2011), the river navigation network is very important to the 
other transport modes, which include: the railway line from Dakar to Bamako, primary 
and secondary roads, and access roads to major hydraulic works. The navigation project 
was aimed at creating a waterway connecting the port facilities to help the economic 
development of the basin (OMVS, 2011).  
Navigation on the Senegal River is very important to Mali because Mali is 
landlocked, and as such, Mali, Mauritania and Senegal agreed to allow Mali unrestricted 
access to the river for navigation purposes. The river flows are regulated at 300 m
3
/s at 
Bakel to allow vessels with draughts less than 1.5 m to reach Kayes in Mali during the 
course of the year. Because the river flows are maintained by Manantali Dam and 
reservoir during periods of low flows, a portion of the navigation benefits should be 
assigned to the cost of Manantali (Riley et al., 1978). 
Figures 15, 16 and 17 show the expected development of navigation in thousand 
tonnes per kilometer for the next 50 years in Mali, Mauritania and Senegal, for both 
mining and other sectors. Figures 15 and 17 show that there are no navigation benefits 
from mining in Mali and Senegal from Manantali dam, but there are benefits from 
transporting other goods. Figure 16 shows that Mauritania receives benefits from 
transporting goods from mining and other sectors.  
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Figure 15: Navigation Model Data for Mali – Benefits from Manantali Dam 
 
 
Figure 16: Navigation Model Data for Mauritania – Benefits from Manantali Dam 
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Figure 17: Navigation Model Data for Senegal – Benefits from Manantali Dam 
Flood Control 
The Manantali reservoir located in Mali helps to control flooding downstream of 
the river, thereby protecting Mauritania and Senegal from serious floods. Flood control 
benefits are allocated on the basis of flood damages prevented by the reservoir, and will 
therefore accrue primarily to Mauritania and Senegal (Riley et al., 1978). 
Other Benefits 
The OMVS constructed three roads to facilitate trade in the region. The roads 
include (OMVS, 2011):  
i. the Diama Connector road-Rosso,  
ii. the access road to Diama  
iii. the access road to Manantali 
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Summary 
The organization of the OMVS project includes four countries sharing the 
Senegal River, namely Mali, Mauritania, Senegal and Guinea (although Guinea has not 
been considered in this study because of absence of data due to its recent addition to the 
OMVS). There are two service works on the river: (i) Manantali Dam and (ii) Diama 
Dam, feeding four project services: (i) Agriculture (ii) Municipal and Industrial (iii) 
Navigation, and (iv) Energy. The costs and benefits from the river therefore have to be 
shared by country and by service. 
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CHAPTER 5 
BENEFITS AND COSTS OF THE OMVS PROJECT 
Introduction 
Any project that is to be implemented over time will have planning and 
investment costs, operation, maintenance and replacement costs, and interest costs. 
Planning and investment costs are the costs required to bring the project into a fully 
functional state. Operation, maintenance and replacement (OM&R) costs are costs 
required to sustain the project throughout its life.  If the project is financed by loans then 
there will also be interest costs. Riley et al. (1978) mentions that the Bureau of 
reclamation project evaluation report of 1976 estimated operation, maintenance and 
replacement costs at 1% on capital investment. 
Since the OMVS project is shared by a number of countries, there are those costs 
that are separable by country, costs separable by service sector, and joint costs to both 
sector and country. Both investment and OM&R costs can be joint or separable by 
country and by project service. Riley et al. (1978) categorizes the costs of the OMVS 
project into one of the following, which are said to be mutually exclusive and exhaustive: 
i. costs separable by economic sector and country 
ii. costs separable by sector but not by country 
iii. costs separable by country but not by sector 
iv. costs joint to both sector and country 
The difficulty in cost sharing lies in how to allocate the joint costs among the 
countries and sectors involved (Riley et al., 1978). Hence, care must be taken in selecting 
a suitable method to allocate costs and share the benefits. The method used in the OMVS 
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project is the Adjusted Separable Costs Remaining Benefit (ASCRB) method which 
satisfies the equity and economic efficiency principles of cost sharing. Below is a 
description of the costs used in the OMVS project as defined by Riley et al. (1978): 
Separable Costs. Costs separable by country are those costs identifiable to a 
particular country and should not be incurred by another country because only one 
country benefits from that particular investment. According to Riley et al. (1978), the 
separable cost of a service is “the amount of joint reduction in total project costs when 
the service is excluded while maintaining the same level of all other services”. Costs that 
are not separable by country or by use-sector are termed joint costs. For example; the 
costs of penstocks and cost of a powerhouse would both be separable costs for energy. 
Joint Costs. Joint costs are the total costs minus the separable costs of a project or 
service.  They are costs that are not identifiable to a particular service or country and 
have to be shared equitably by the service sectors or countries. For example the cost of a 
multipurpose dam that that is shared by more than one country.  
Alternative Costs. The alternative cost of a project is the cost of the least-cost 
alternative single purpose project that is intended to provide services only for a single 
use; for example, the cost of providing thermal power rather than hydro electric power. 
Justifiable Costs. The justifiable cost of a project is the lesser of the project 
benefit or alternative cost of the project. In other words the project cost should not be 
more than the benefit from that project and should also not exceed the cost of an 
alternative to that project. 
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Imputed Costs. The imputed cost of a service is the cost that is attributable to that 
particular service to include it as a part of the project. For example; suppose a dam is 
built 180 meters high to meet irrigation and hydropower needs. A dam height of 120 
meters can satisfy the irrigation needs but must remain at 180 meters to be able to satisfy 
the hydropower needs. The extra costs for the remaining 60 meters will be ascribed to 
hydropower and would be termed as imputed costs for energy. 
Identifiable Costs. Identifiable costs are costs that are specific to particular works 
for a particular use sector. For example; penstocks are specific to energy, navigation lock 
is specific to navigation, dykes are specific to agriculture, e.t.c. 
Specific Costs. These refer to costs that only identify with a particular sector, for 
example; a power house would be a specific cost for energy, and a canal would be a 
specific cost for agriculture. 
Sharing the Costs and Benefits 
A cost allocation analysis model (Figure 18) was developed to apportion project 
costs and benefits to the OMVS countries through the various project services; water 
supply, flood control, navigation and power. The allocation process involves three 
working models described below:  
i. The Agriculture model which calculates and apportions benefits from the 
agricultural sector to the participating countries  
ii. The Navigation model which calculates benefits from the navigation sector for the 
participating countries  
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iii. The Cost Allocation (CAM) model which computes net benefits for Energy and 
M&I and obtains net benefits calculated from the agriculture model and 
navigation model, and then uses these benefits to calculate costs and apportions 
the costs to the various countries. 
 
 
 
 
 
 
Figure 18: Design of the OMVS Cost Analysis Analysis Model 
Agriculture Model 
The Agriculture model computes agricultural benefits from each of the agriculture 
use-sectors which include: flood recession agriculture, displaced flood recession 
agriculture, displaced rain-fed agriculture, large perimeters and small perimeters, in each 
of the three growing seasons: the wet season, cold-dry season and hot-dry season. The 
benefits are computed for the different crops (sugarcane, rice, vegetables, tomatoes, 
millet/maize, sorghum/cowpea, forage), for both Manantali and Diama dams, and for the 
three countries (Mali, Mauritania and Senegal). The net benefits are calculated from the 
Agriculture model, and the benefits calculated are an input into the Cost Allocation 
Model to calculate and allocate costs from the Agriculture sector. The model has been set 
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to calculate benefits up to 50 years. The input data to the Agriculture Model is included 
in Figures 10 through 14 in Chapter 4, and in Tables A-1 through A-6 in Appendix A.  
Navigation Model 
The Navigation Model computes benefits from navigation from use of the 
Manantali and Diama dams, for transportation of produce from both the Agricultural and 
Mining Sectors. The input data to the Navigation Model is found in Figure 15 through 17 
in Chapter 4 and Table 12. The benefits calculated from the model are input into the Cost 
Allocation model to calculate and allocate costs arising from the Navigation sector. 
Table 12: Navigation Model Data - Costs by Country 
Product Price (M FCFA/T-Km) 
Mali Mauritania Senegal 
Mining 0.04 0.04 0.04 
Others 0.05 0.07 0.07 
 
Cost Allocation Model 
The cost allocation model allocates construction and operation and maintenance 
costs that have been calculated from the model, to the different project services, namely; 
Agriculture, Navigation, and Energy (Hydropower production) and Municipal and 
Industrial (M&I) water uses. The results from the Agriculture Model and Navigation 
Model are therefore an input to the Cost Allocation Model (CAM). The input data to the 
CAM is included in Appendix B, which summarizes the separable costs by service-sector 
and by use-sector and/or country; and the joint costs to both service and country. 
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Summary 
The Agriculture model and Navigation model were developed to calculate 
benefits from Agriculture and Navigation respectively. These benefits are input into the 
Cost Allocation model which was developed to calculate Energy and M&I benefits, and 
then calculate the costs from each of the services: Agriculture, Energy, Navigation and 
M&I and allocate them to the three countries.  
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CHAPTER 6 
MODEL APPLICATION, RESULTS AND CONCLUSION 
Agriculture Model Results 
Table 13 shows the benefits calculated by the Agriculture Model for Mali, 
Mauritania and Senegal. It can be seen that there are no benefits from flood recession 
agriculture in the three countries, because the model is calculating benefits for the 
irrigated agriculture. There are also no agriculture benefits for Diama in Mali because 
Mali is found upstream of the Senegal River and hence is not affected by the Diama dam. 
Senegal derives the greatest agriculture benefit from both the Manantali and Diama dams, 
followed by Mauritania and Mali respectively. The negative values in the table imply that 
the total discounted income for the 50 years was found to be less than the total discounted 
expense for those sectors under those services. The discount rate used was 5%. 
After obtaining Agriculture Benefits from the Agriculture Model, the results were 
used in the Cost Allocation Model to allocate costs to the agricultural sectors in the three 
countries (Table 14 and Table 15). The allocation procedure used was the Adjusted 
Separable Costs Remaining Benefits (ASCRB) Method. 
Table 13: Agriculture Benefits (in MM FCFA) - Model Results 
Sector Mali Mauritania Senegal 
Diama Manantali Diama Manantali Diama Manantali 
Flood Recession Agriculture 0 0 0 0 0 0 
Displaced Flood Recession 
Agriculture 
0 0 49.65 264.12 471.13 2506.34 
Displaced Rainfed 
Agriculture 
0 2343.06 -46.33 -246.49 -193.52 -1029.49 
Large Perimeter 0 0 -1430.1 -7602.37 5696.15 30302.15 
Small Perimeter 0 7809.59 4564.75 24279.1 11691.33 62193.87 
Total 0 5466.52 3131.33 16659.09 17109.87 91019.16 
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Table 14: Allocation of Agriculture Costs (in MM FCFA) to Diama Dam - Costs by 
Country 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 0 3131.33204 17109.8679 20241.1999 
2 Alternative Costs 0 158593 172181 330774 
3 Justifiable Costs 0 3131.33204 17109.8679 20241.1999 
4 Imputed Costs 0 0 0 
 5 Identifiable Costs 0 0 0 
 
6 
Specific Costs to 
each service 0 0 0 
 7 Specific Costs 0 0 0 
 
8 
Total Separable 
Costs 0 0 0 
 
9 
Total Costs (MM 
FCFA) 
   
158266.593 
10 Joint Costs 
   
158266.593 
11 
Costs for all other 
services 0 0 0 
 
12 
Justifiable Costs to 
all Other Services 0 0 0 
 13 Adjustment Factor 0 0 0 
 
14 
Adjusted Separable 
Costs 0 0 0 
 15 Remaining Benefits 0 3131.33204 17109.8679 20241.1999 
16 
Joint Cost 
Proportions 0 0.15470091 0.84529909 1 
17 Allocated Joint Costs 0 24483.9859 133782.607 158266.593 
18 
Total Allocated 
Costs 0 24483.9859 133782.607 158266.593 
19 
Percent of Total 
Costs Allocated 0 15.470091 84.529909 100 
20 
Common Costs 
Allocated 0 24483.9859 133782.607 158266.593 
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Table 15: Allocation of Agriculture Costs (in MM FCFA) to Manantali Dam (Costs by 
Country) 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 5466.523 16659.09 91019.16 113144.8 
2 Alternative Costs 313929 158693 172181 644803 
3 Justifiable Costs 5466.523 16659.09 91019.16 113144.8 
4 Imputed Costs 0 0 0 
 5 Identifiable Costs 0 0 0 
 
6 Specific Costs to each service 0 0 0 
 7 Specific Costs 0 0 0 
 
8 Total Separable Costs 0 0 0 
 
9 Total Costs (MM FCFA) 
   
105194.5 
10 Joint Costs 
   
105194.5 
11 Costs for all other services 105194.5 105194.5 105194.5 420778 
12 
Justifiable Costs to all Other 
Services 105194.5 96485.69 22125.62 329000.3 
13 Adjustment Factor 1.051966 1.075577 1.075577 
 
14 Adjusted Separable Costs 0 0 0 
 15 Remaining Benefits 5466.523 16659.09 91019.16 113144.8 
16 Joint Cost Proportions 0.048314 0.147237 0.804449 1 
17 Allocated Joint Costs 5082.411 15488.52 84623.58 105194.5 
18 Total Allocated Costs 5082.411 15488.52 84623.58 105194.5 
19 
Percent of Total Costs 
Allocated 4.831441 14.7237 80.44486 100 
20 Common Costs Allocated 5082.411 15488.52 84623.58 105194.5 
 
Navigation Model Results 
Table 16 shows results obtained from the Navigation Model for both mining and 
other sectors. There are no mining benefits from Diama dam. Only Mauritania benefits 
from the mining sector with Manantali dam. With the “other” products, Mali obtains the 
greatest navigation benefits followed by Senegal and lastly Mauritania. Overall, Mali gets 
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the most navigation benefits, because it is the only landlocked country, followed by 
Mauritania due to benefits from mining, and lastly Senegal. 
Table 16: Benefits (in MM FCFA) from Navigation  
Product Mali Mauritania Senegal 
Diama Manantali Diama Manantali Diama Manantali 
Mining 0 0 0 61505.87 0 0 
Others 0 304086.13 0 23595.4 0 43874.98 
BPN 0 304086.13 0 85101.27 0 43874.98 
Cost Allocation Model Results 
Tables 17, 18 and 19 are a summary of the results obtained from the Cost 
Allocation Model. In Appendix C (Tables C1 through C8), the general steps used in the 
allocation of costs by service sector and by country are shown, using the ASCRB method 
that was discussed in chapter 3 (Table 10).  
The greatest benefit from the project is from Navigation, followed by Energy, 
then Agriculture, and lastly M&I. Energy benefits are greatest in Mali where the 
Manantali dam is located, followed by Mauritania and then Senegal. M&I benefits are 
greatest in Senegal, followed by Mali and then Mauritania. Overall, Mali obtains the 
greatest net benefits from the OMVS project, followed by Senegal and lastly Mauritania. 
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Table 17: Total Costs (in MM FCFA) from the Cost Allocation Model 
Country Agriculture Energy M&I Navigation Total Percentage 
Mali 5082.41 114066.16 87.58 237528.2 356764.35 43.9 
Mauritania 39972.5 32669.93 37.52 66732.57 139412.52 17.16 
Senegal 218406.18 55536.12 8253.38 34271.69 316467.37 38.94 
Total 263461.1 202272.21 8378.48 338532.45 812644.24 100 
Table 18: Percentage of Costs for each country 
Country Agriculture Energy M&I Navigation Total 
Mali 1.42 31.97 0.02 66.58 100 
Mauritania 28.67 23.43 0.03 47.87 100 
Senegal 69.01 17.55 2.61 10.83 100 
Total 32.42 24.89 1.03 41.66 100 
Table 19: Percentage of Costs for each service 
Country Agriculture Energy M&I Navigation Total 
Mali 1.93 56.39 1.05 70.16 43.9 
Mauritania 15.17 16.15 0.45 19.71 17.16 
Senegal 82.9 27.46 98.51 10.12 38.94 
Total 100 100 100 100 100 
Conclusion 
Sharing benefits and costs in a multi-purpose project involving many parties such 
as the OMVS project requires careful consideration of the apportioning methods used 
such that all the parties involved are satisfied with the outcome. This helps reduce the 
tensions and conflict among those parties sharing the resource. Benefit sharing rather 
than water allocation calls for the treatment of the river as one system and should be 
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encouraged in multipurpose multi-country river basin development projects as it creates 
economies of scale and also encourages cooperation in the region, such as trade and 
industry development, reducing tensions over other resources, like minerals and oil, 
which often cause political tensions between countries.  
This study has described a working method (ASCRB method) for sharing benefits 
and costs in international river basins, using the OMVS as a case study. Cooperation 
among the countries sharing the water resource is facilitated by an equitable distribution 
of costs according to benefits. If water is not managed as a scarce resource, 
mismanagement and conflict can arise and economic benefits and efficiency are lost.  
From the cost allocation model developed in this study, the current key 
apportioning costs to Mali, Mauritania and Senegal is: 43.9% of the total project costs to 
Mali, 17.16% to Mauritania and 38.94% to Senegal. 
Model Limitations and Future Work 
Although the OMVS Cost Allocation Model has been successful at resolving 
conflict in the region, afew limitations have been pointed out, which could be addressed 
in future: 
i. The model does not take into account the effect that climate change could have on 
the hydrology of the river 
ii. The model assumes increases in agricultural developments over the years along 
the river and does not consider the fact that the agricultural areas could decrease 
over the years as people migrate or shift from agriculture to other economic 
activities  
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APPENDIX A: AGRICULTURE MODEL DATA 
Table A - 1: Investment, Operation and Maintenance Costs for Agriculture 
Country Service Large Perimeter Small Perimeter 
Investment Costs (M 
FCFA /ha) 
Investment Costs (M 
FCFA /ha) 
Mali Diama 0 1.129 
Manantali 0 1.129 
Mauritania Diama 5090.308 1116 
Manantali 5090.308 1116 
Senegal Diama 5090.308 3040 
Manantali 5090.308 3040 
Table A - 2: Mali Data for Irrigated Agricultural Development from Manantali Dam 
Season Sector Crop 
% crop in 
theoretical 
hectare 
Yield 
(T/ha) 
Price (M 
FCFA/T) 
Annual 
Production (M 
FCFA/ha) 
 
Cold-Dry 
Displaced 
Rainfed 
Agriculture Forage 3 1.15 51 9 
 
  
 
Millet/Cowpeas 8.6 0.9 115 13.6 
 
  
 
Sorghum/maize 87 1.1 115 13.6 
 
  
 
Total = 98.6 
          
     
  
Small 
Perimeter Rice 50 5 106 341.2 
 
  
 
Sorghum/maize 50 3.5 115 139.9 
 
  
 
Total = 100 
          
     
Hot-Dry 
Small 
Perimeter Vegetables 3 15 60 469.8 
 
  
 
Rice 0 5 106 0 
 
  
 
Sorghum/maize 59 3.5 115 199.8 
 
  
 
Total = 62 
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        Table A - 3: Mauritania Data for Irrigated Agricultural Development from Diama Dam 
Season Sector Crop % crop in 
theoretical 
hectare 
Yield 
(T/ha) 
Price (M 
FCFA/T) 
Annual Production 
(M FCFA/ha) 
Cold-Dry Flood Recession 
Agriculture 
Millet/Cowpeas 12.5 0.488 115 47 
  Sorghum/maize 85.4 0.565 115 64.6 
  Total = 97.9    
       
 Displaced Flood 
Recession 
Agriculture 
Millet/Cowpeas 12.5 0.488 115 47 
  Sorghum/maize 85.4 0.565 115 64.6 
  Total = 97.9    
       
 Displaced Rainfed 
Agriculture 
Millet/Cowpeas 61.5 0.229 115 47 
  Sorghum/maize 21.3 0.514 115 64.6 
  Total = 82.8    
       
 Large Perimeter Rice 80 5 106 441.9 
  Sorghum/maize 13 3.2 115 220.5 
  Total = 93    
       
 Small Perimeter Rice 72.69 4 106 348.08 
  Sorghum/maize 8.98 1.5 115 142 
  Total  = 81.67    
       
Hot-Dry Large Perimeter Forage 7 11.07 290.69 2410.76 
  Rice 25 6 106 619.98 
  Sorghum/maize 30 3.2 115 220.85 
  Tomatoes 4 20 115 554.16 
  Total = 66    
       
 Small Perimeter Vegetables 5 20 60 351.53 
  Rice 4 3.7 106 488.25 
  Sorghum/maize 14.3 2.5 115 173.93 
  Tomatoes 7 20 115 436.41 
  Total = 46.2    
       
Wet Large Perimeter Vegetables 1.4 15 60 404.88 
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       Table A - 4: Mauritania Data for Irrigated Agriculture Development from Manantali Dam 
Season Sector Crop % crop in 
theoretical 
hectare 
Yield 
(T/ha) 
Price (M 
FCFA/T) 
Annual Production 
(M FCFA/ha) 
Cold-Dry Flood Recession 
Agriculture 
Millet/Cowpeas 12.5 0.488 115 47 
    Sorghum/maize 85.4 0.565 115 64.6 
    Total = 97.9      
              
  Displaced Flood 
Recession 
Agriculture 
Millet/Cowpeas 12.5 0.488 115 47 
    Sorghum/maize 85.4 0.565 115 64.6 
    Total = 97.9      
              
  Displaced Rainfed 
Agriculture 
Millet/Cowpeas 61.5 0.229 115 47 
    Sorghum/maize 21.3 0.514 115 64.6 
    Total = 82.8      
             
  Large Perimeter Rice 80 5 106 441.9 
    Sorghum/maize 13 3.2 115 220.5 
    Total = 93      
             
  Small Perimeter Rice 72.69 4 106 348.08 
    Sorghum/maize 8.98 1.5 115 142 
    Total = 81.67      
             
Hot-Dry Large Perimeter Forage 7 11.07 290.69 2410.76 
    Vegetables 1.4 15 60 404.88 
    Rice 25 6 106 619.98 
    Sorghum/maize 30 3.2 115 220.85 
    Tomatoes 4 20 115 554.16 
    Total = 67.4      
              
  Small Perimeter Vegetables 5 20 60 351.53 
    Rice 4 3.7 106 488.25 
    Sorghum/maize 14.3 2.5 115 173.93 
    Tomatoes 7 20 115 436.41 
    
Total = 
30.3      
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Table A - 5: Senegal Data for Irrigated Agriculture Development from Diama Dam 
Season Sector Crop % crop in 
theoretical 
hectare 
Yield 
(T/ha) 
Price (M 
FCFA/T) 
Annual Production 
(M FCFA/ha) 
Cold-Dry Flood Recession 
Agriculture 
Vegetables 0 0 60 0 
  Millet/Cowpeas 1.6 0.484 115 47 
  Sorghum/maize 93.7 0.478 115 64.6 
  Total = 95.3    
       
 Displaced Flood 
Recession 
Agriculture 
Vegetables 4.6 9 60 135.2 
  Millet/Cowpeas 1.6 0.484 115 47 
  Sorghum/maize 93.7 0.478 115 64.6 
  Total = 99.9    
       
 Displaced 
Rainfed 
Agriculture 
Millet/Cowpeas 52 0.1 115 47 
  Sorghum/maize 13 0.3 115 64.6 
  Total = 65    
       
 Large Perimeter Rice 70 5 106 441.9 
  Sorghum/maize 15 3.5 115 200.32 
  Total = 85    
       
 Small Perimeter Rice 95.2 4 106 348.08 
  Sorghum/maize 4.8 3.5 115 0 
  Total = 100    
       
Hot-Dry Large Perimeter Forage 14 11.07 290.69 2410.76 
  Vegetables 1 15 60 303.7 
  Rice 32 6 106 619.98 
  Sorghum/maize 6 3.5 115 200.32 
  Tomatoes 4 20 115 554.16 
  Total = 57    
       
 Small Perimeter Vegetables 3.8 20 60 274.3 
  Sorghum/maize 6.5 3.25 115 173.93 
  Tomatoes 9.5 20 115 436.41 
  
Total = 
19.8 
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Table A - 6: Senegal Data for Irrigated Agriculture Development from Manantali Dam 
Season Sector Crop % crop in 
theoretical 
hectare 
Yield 
(T/ha) 
Price (M 
FCFA/T) 
Annual Production 
(M FCFA/ha) 
Cold-Dry Flood Recession 
Agriculture 
Vegetables 4.6 9 60 135.2 
  Millet/Cowpeas 1.6 0.484 115 47 
  Sorghum/maize 93.7 0.478 115 64.6 
  Total = 99.9    
       
 Displaced Flood 
Recession 
Agriculture 
Vegetables 4.6 9 60 135.2 
  Millet/Cowpeas 1.6 0.484 115 47 
  Sorghum/maize 93.7 0.478 115 64.6 
  Total = 99.9    
       
 Displaced 
Rainfed 
Agriculture 
Millet/Cowpeas 52 0.1 115 47 
  Sorghum/maize 13 0.3 115 64.6 
  Total = 65    
       
 Large Perimeter Rice 70 5 106 441.9 
  Sorghum/maize 15 3.5 115 200.32 
  Total = 85    
       
 Small Perimeter Rice 95.2 4 106 348.08 
  Sorghum/maize 4.8 3.5 115 0 
  Total = 100    
       
Hot-Dry Large Perimeter Forage 14 11.07 290.69 2410.76 
  Vegetables 1 15 60 303.7 
  Rice 32 6 106 619.98 
  Sorghum/maize 6 3.5 115 200.32 
  Tomatoes 4 20 115 554.16 
  Total = 57    
       
 Small Perimeter Vegetables 3.8 20 60 274.3 
  Sorghum/maize 6.5 3.25 115 173.93 
  Tomatoes 9.5 20 115 436.41 
  
Total = 
19.8 
   
        
 
 
69 
 
APPENDIX B: COST ALLOCATION MODEL DATA 
(i) Joint Costs 
 
Figure B - 1: Joint Costs for Diama and Manantali Dams 
(ii) Costs Separable to Each Service Sector 
 
Figure B - 2: Separable Costs for Diama Dam to Each Service Sector 
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Figure B - 3: Separable Costs for Manantali Dam to Each Service Sector 
 
(iii) Costs Separable by Country 
 
Figure B - 4: Separable Costs for Manantali Dam in Mali 
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Figure B - 5: Separable Costs for Manantali Dam in Mauritania 
 
 
Figure B - 6: Separable Costs for Manantali Dam in Senegal 
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Figure B - 7: Agriculture Net Benefits for Diama Dam 
 
 
Figure B - 8: Agriculture Lost Benefits for Diama Dam 
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Figure B - 9: Agriculture Net Benefits for Manantali Dam 
 
 
Figure B - 10: Agriculture Lost Benefits for Manantali Dam 
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Figure B - 11: Energy Net Benefits for Manantali Dam 
 
 
Figure B - 12: M&I Net Benefits for Diama Dam 
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Figure B - 13: M&I Net Benefits for Manantali Dam 
 
 
Figure B - 14: Navigation Net Benefits for Manantali Dam 
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Figure B - 15: Joint Investment Costs for Energy (in MM FCFA) for Mali, Mauritania 
and Senegal 
 
 
Figure B - 16: Specific Costs for Transmission Lines “MLI RIM SEN’ AND “RIM SEN” 
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Figure B - 17: Net Benefits for Transmission Line MLI RIM SEN 
 
 
Figure B - 18: Net Benefits for Transmission Line MLI RIM SEN 
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APPENDIX C: ALLOCATING COSTS USING THE ASCRB METHOD 
Table C - 1: M&I Benefits (in MM FCFA) for Diama Dam – Allocation by Country 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 0 1.991182 438.0391 440.0302 
2 Alternative Costs 0 1.991182 438.0391 440.0302 
3 Justifiable Costs 0 1.991182 438.0391 440.0302 
4 Imputed Costs 0 0 0 
 
5 Identifiable Costs 0 0 0 
 
6 
Specific Costs to 
each service 0 0 0 
 
7 Specific Costs 0 0 0 
 
8 
Total Separable 
Costs 0 0 0 
 
9 
Total Costs (MM 
FCFA) 
   
7882.028 
10 Joint Costs 
   
7882.028 
11 
Costs for all other 
services 0 0 0 
 
12 
Justifiable Costs to 
all Other Services 0 0 0 
 
13 Adjustment Factor 0 0 0 
 
14 
Adjusted Separable 
Costs 0 0 0 
 
15 Remaining Benefits 0 1.991182 438.0391 440.0302 
16 
Joint Cost 
Proportions 0 0.004525 0.995475 1 
17 
Allocated Joint 
Costs 0 35.66699 7846.361 7882.028 
18 
Total Allocated 
Costs 0 35.66699 7846.361 7882.028 
19 
Percent of Total 
Costs Allocated 0 0.45251 99.54749 100 
20 
Common Costs 
Allocated 0 35.66699 7846.361 7882.028 
 
 
79 
 
Table C - 2: Diama Allocation by Service (in MM FCFA) 
Item 
Number Item Agriculture Energy M&I Navigation Total 
1 Net Benefits 20241.2 0 440.0302 0 20681.23 
2 Alternative Costs 181608 0 152502 0 334110 
3 Justifiable Costs 20241.2 0 440.0302 0 20681.23 
4 Imputed Costs 0 0 0 0 
 
5 Identifiable Costs 0 0 0 0 
 
6 
Specific Costs to 
each service 0 0 0 0 
 
7 Specific Costs 12080.038 0 0 0 12080.04 
8 
Total Separable 
Costs 12080.038 0 0 0 12080.04 
9 
Investment, OM&R 
and Other Costs 
    
154068.6 
10 
Total Costs (MM 
FCFA) 
    
166148.6 
11 Joint Costs 
    
154068.6 
12 
Costs for all other 
services 0 0 0 0 
 
13 
Justifiable Costs to 
all Other Services 0 0 0 0 
 
14 Adjustment Factor 0 0 0 0 
 
15 
Adjusted Separable 
Costs 0 0 0 0 
 
16 Remaining Benefits 8161.1621 0 440.0302 0 8601.192 
17 
Joint Cost 
Proportions 0.9488408 0 0.051159 0 1 
18 
Allocated Joint 
Costs 146186.55 0 7882.028 0 154068.6 
19 
Total Allocated 
Costs 158266.59 0 7882.028 0 166148.6 
20 
Percent of Total 
Costs Allocated 95.256038 0 4.743962 0 100 
21 
Common Costs 
Allocated 146186.55 0 7882.028 0 154068.6 
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Table C - 3: Cost Allocation (in MM FCFA) for Energy Line MLI RIM SEN by Country 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 0 34972.74 59450.71 94423.45 
2 Alternative Costs 0 34972.74 59450.71 94423.45 
3 Justifiable Costs 0 34972.74 59450.71 94423.45 
4 Imputed Costs 0 0 0 
 
5 Identifiable Costs 0 0 0 
 
6 
Specific Costs to each 
service 11494.27 7291.262 3980.606 22766.14 
7 Specific Costs 0 7291.262 3980.606 11271.87 
8 Total Separable Costs 11494.27 14582.52 7961.212 34038.01 
9 
Investment, OM&R 
and Other Costs 
   
6484.437 
10 
Total Costs (MM 
FCFA) 
   
17756.31 
11 Joint Costs 
    
12 
Costs for all other 
services 0 0 0 
 
13 
Justifiable Costs to all 
Other Services 0 0 0 
 
14 Adjustment Factor 0 0 0 
 
15 
Adjusted Separable 
Costs 0 0 0 
 
16 Remaining Benefits 0 0 0 
 
17 Joint Cost Proportions 0 0.370382 0.629618 1 
18 Allocated Joint Costs 0 6576.615 11179.69 17756.31 
19 Total Allocated Costs 0 6576.615 11179.69 17756.31 
20 
Percent of Total Costs 
Allocated 0 37.0382 62.9618 100 
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Table C - 4: Allocation of Costs (in MM FCFA) to Transmission Line RIM SEN – Costs 
by Country 
Item 
Number Item Mauritania Senegal Total 
1 Net Benefits 34972.74 59450.71 94423.45 
2 Alternative Costs 34972.74 59450.71 94423.45 
3 Justifiable Costs 34972.74 59450.71 94423.45 
4 Imputed Costs 0 0 
 
5 Identifiable Costs 0 0 
 
6 
Specific Costs to 
each service 7291.262 3980.606 11271.87 
7 Specific Costs 0 0 
 
8 
Total Separable 
Costs 7291.262 3980.606 11271.87 
9 
Investment, OM&R 
and Other Costs 
  
0 
10 
Total Costs 
(MM FCFA) 
  
0 
11 Joint Costs 
   
12 
Costs for all other 
services 0 0 
 
13 
Justifiable Costs to 
all Other Services 0 0 
 
14 Adjustment Factor 0 0 
 
15 
Adjusted Separable 
Costs 0 0 
 
16 Remaining Benefits 0 0 
 
17 
Joint Cost 
Proportions 0.370382 0.629618 1 
18 
Allocated Joint 
Costs 0 0 
 
19 
Total Allocated 
Costs 0 0 
 
20 
Percent of Total 
Costs Allocated 0 0 
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Table C - 5: Allocation of Energy Costs (in MM FCFA) to Manantali - Costs by Country 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 122106.4 34972.74 59450.71 216529.8 
2 Alternative Costs 122106.4 34972.74 59450.71 216529.8 
3 Justifiable Costs 122106.4 34972.74 59450.71 216529.8 
4 Imputed Costs 0 0 0 
 
5 Identifiable Costs 0 0 0 
 
6 
Specific Costs to 
each service 0 6576.615 11179.69 17756.31 
7 Specific Costs 11494.27 7291.262 3980.606 22766.14 
8 
Total Separable 
Costs 11494.27 13867.88 15160.3 40522.44 
9 
Total Costs (MM 
FCFA) 
   
202272.2 
10 Joint Costs 
   
161749.8 
11 
Costs for all other 
services 190777.9 188404.3 187111.9 768566.4 
12 
Justifiable Costs to 
all Other Services 94423.45 181557.1 157079.1 635331.8 
13 Adjustment Factor 1.070487 1.070487 1.070487 
 
14 
Adjusted Separable 
Costs 12304.47 14845.38 16228.9 
 
15 Remaining Benefits 109801.9 20127.36 43221.8 173151.1 
16 
Joint Cost 
Proportions 0.634139 0.116242 0.249619 1 
17 Allocated Joint Costs 102571.9 18802.05 40375.83 161749.8 
18 Total Allocated Costs 114066.2 32669.93 55536.12 202272.2 
19 
Percent of Total 
Costs Allocated 56.3924 16.15147 27.45613 100 
20 
Common Costs 
Allocated 102571.9 18802.05 40375.83 161749.8 
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Table C - 6: Allocation of M&I Costs (in MM FCFA) to Manantali - Costs by Country 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 94.25161 1.991182 438.0391 534.2818 
2 Alternative Costs 94.25161 1.991182 438.0391 534.2818 
3 Justifiable Costs 94.25161 1.991182 438.0391 534.2818 
4 Imputed Costs 0 0 0 
 
5 Identifiable Costs 0 0 0 
 
6 
Specific Costs to each 
service 0 0 0 
 
7 Specific Costs 0 0 0 
 
8 Total Separable Costs 0 0 0 
 
9 
Total Costs (MM 
FCFA) 
   
496.4486 
10 Joint Costs 
   
496.4486 
11 
Costs for all other 
services 496.4486 496.4486 496.4486 1985.794 
12 
Justifiable Costs to all 
Other Services 440.0302 496.4486 96.24279 1529.17 
13 Adjustment Factor 1.076208 1.004011 1.076208 
 
14 
Adjusted Separable 
Costs 0 0 0 
 
15 Remaining Benefits 94.25161 1.991182 438.0391 534.2818 
16 
Joint Cost 
Proportions 0.176408 0.003727 0.819865 1 
17 Allocated Joint Costs 87.57751 1.850184 407.0209 496.4486 
18 Total Allocated Costs 87.57751 1.850184 407.0209 496.4486 
19 
Percent of Total Costs 
Allocated 17.6408 0.372684 81.98651 100 
20 
Common Costs 
Allocated 87.57751 1.850184 407.0209 496.4486 
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Table C - 7: Allocation of Navigation Costs (in MM FCFA) to Manantali - Costs by 
Country 
Item 
Number Item Mali Mauritania Senegal Total 
1 Net Benefits 304086.1 85101.27 43874.98 433062.4 
2 Alternative Costs 304086.1 85101.27 43874.98 433062.4 
3 Justifiable Costs 304086.1 85101.27 43874.98 433062.4 
4 Imputed Costs 0 0 0 
 
5 Identifiable Costs 0 0 0 
 
6 
Specific Costs to each 
service 0 0 0 
 
7 Specific Costs 0 6768.905 0 6768.905 
8 Total Separable Costs 0 6768.905 0 6768.905 
9 Total Costs (MM FCFA) 
   
338532.5 
10 Joint Costs 
   
331763.5 
11 
Costs for all other 
services 338532.5 331763.5 338532.5 1347361 
12 
Justifiable Costs to all 
Other Services 128976.2 331763.5 338532.5 1137805 
13 Adjustment Factor 1.279234 1.231388 1.129603 
 
14 
Adjusted Separable 
Costs 0 8335.149 0 
 
15 Remaining Benefits 304086.1 76766.12 43874.98 424727.2 
16 Joint Cost Proportions 0.715956 0.180742 0.103302 1 
17 Allocated Joint Costs 237528.2 59963.66 34271.69 331763.5 
18 Total Allocated Costs 237528.2 66732.57 34271.69 338532.5 
19 
Percent of Total Costs 
Allocated 70.16408 19.71231 10.1236 100 
20 
Common Costs 
Allocated 237528.2 59963.66 34271.69 331763.5 
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Table C - 8: Allocation of Costs (in MM FCFA) to Manantali – Costs by Service 
Item 
Number Item Agriculture Energy M&I Navigation Total 
1 Net Benefits 113144.8 216529.8 534.2818 433062.4 763271.3 
2 Alternative Costs 282445 374198 186135 363982 1206760 
3 Justifiable Costs 113144.8 216529.8 534.2818 363982 694190.9 
4 Imputed Costs 27283 82581 0 13642 123506 
5 Identifiable Costs 0 48517.23 0 0 48517.23 
6 
Specific Costs to each 
service 0 17756.31 0 0 17756.31 
7 Specific Costs 0 22766.14 0 129932.5 152698.6 
8 Total Separable Costs 27283 171620.7 0 143574.5 342478.2 
9 
Investment, OM&R 
and Other Costs 
    
427523.5 
10 Total Costs (MM FCFA) 
    
646495.6 
11 Joint Costs 
    
304017.5 
12 
Costs for all other 
services 619212.6 474874.9 646495.6 502921.1 2243504 
13 
Justifiable Costs to all 
Other Services 581046.1 474874.9 646495.6 330208.9 2032626 
14 Adjustment Factor 1.073775 1.069465 1.000826 1.073775 
 
15 
Adjusted Separable 
Costs 29295.81 183542.4 0 154166.7 
 
16 Remaining Benefits 83848.98 32987.42 534.2818 209815.3 327186 
17 Joint Cost Proportions 0.256273 0.100822 0.001633 0.641272 1 
18 Allocated Joint Costs 77911.51 30651.53 496.4486 194958 304017.5 
19 Total Allocated Costs 105194.5 202272.2 496.4486 338532.5 646495.6 
20 
Percent of Total Costs 
Allocated 16.2715 31.28748 0.076791 52.36423 100 
21 
Common Costs 
Allocated 105194.5 161749.8 496.4486 208600 476040.7 
 
